Regulation of the development of meiotic competence and of the resumption of oocyte maturation in the rat.
The first meiotic maturation division of mammalian oocytes is initiated in the embryo or during the early postnatal period. However, when the germ cells reach the diplotene stage the meiotic process is arrested. Meiosis is normally kept in abeyance up to a short period prior to ovulation, when the process is resumed in preovulatory follicles. Resumption of meiosis is studied in mammalian oocytes mainly in two dissimilar in vitro models, isolated oocytes maturing spontaneously in culture and hormone-induced maturation of follicle-enclosed oocytes. A third approach, namely, co-culture of oocytes with follicular constituents was adopted in order to test the role of follicular components in the control of meiosis. Such studies demonstrated an inhibitory action of granulosa cells, granulosa-cell conditioned medium and of follicular fluid (FF1) upon the spontaneous maturation of co-cultured oocytes. By contrast, theca tissue was without effect on meiosis. Addition of luteinizing hormone (LH) to co-cultures of rat granulosa cells and rat oocytes induced resumption of meiosis, as it does in vivo or in vitro in follicle-enclosed oocytes. It is therefore suggested that within antral follicles meiosis is held in abeyance by a granulosa cell product, the inhibitor of oocyte maturation (OMI). Further studies led to the conclusion that OMI is not species specific, that its production by granulosa cells is enhanced by follicle stimulating hormone (FSH) and that its concentration in FF1 is dependent upon the development of the follicle and not the stage of the oestrous cycle. OMI appears to be a peptide of less than 2000 Da. Its action on the oocyte appears to be mediated, at least partially, by cumulus cells and is potentiated by cyclic AMP. Since OMI activity has been demonstrated only in antral follicles, we examined the development of the ability of rat oocytes to undergo spontaneous maturation during their growth phase in preantral follicles. We have found that the ability of rat oocytes to resume maturation ('meiotic competence') is acquired between days 20-26 post partum. By the use of hypophysectomy on day 15 of life and by treatment with hormones and inhibitors we demonstrated that the acquisition of meiotic competence is dependent upon FSH stimulation and that it is mediated, at least partially, by ovarian oestrogen production. The findings that oocytes from preantral follicles are meiotically incompetent suggests that the physiological role of follicular OMI is limited only to antral follicles i.e. when the oocytes acquire meiotic competence.(ABSTRACT TRUNCATED AT 400 WORDS)